Norfloxacin (Nor), (1-ethyl-6-fluoro-1,4-dihydro-4-oxo-7 (1-piperazinyl)-3-quinoline carboxylic acid is a synthetic antibacterial drug. 1, 2) Methods were reported for its determination as titrimetric, 3) LC, [4] [5] [6] [7] [8] [9] [10] LC-MS, [11] [12] [13] spectrometric, [14] [15] [16] spectrofluorimetric [17] [18] [19] [20] and electrochemical. 21) Tinidazole (Tnd), 1-[2-(ethyl sulfonyl)ethyl]-2-methyl-5-nitro-1H-imidazole is an antiprotozoal, antiamaebic and antibacterial drug. 22, 23) Methods were reported for its determination such as titrimetric, 24) LC, 25, 26) LC-MS 27) and spectrometric. 28, 29) The combination of Nor and Tnd is widely used in the treatment of gastrointestinal infections. Both drugs were simultaneously determined by LC, 30, 31) TLC-densitometric, 32, 33) and spectrometric methods. [34] [35] [36] [37] [38] The objective of this work is to develop selective, accurate and sensitive assay procedures for simultaneous determination of Nor and Tnd in presence of the closely related norfloxacin 3-decarboxylated degradation product, which has a particular importance because of its identification as a precipitate in Nor injections 39) and as an impurity in Nor powder. 40) The suggested chromatographic methods have the advantages of being both stability indicating for Nor and capable of simultaneous determination of Nor and Tnd. These advantages are not found in combination [30] [31] [32] [33] [34] [35] [36] [37] [38] in the afore mentioned methods. In addition, the chromatographic conditions used in these methods are capable to detect Nor decarboxylated degradation product. On the other hand, detection of photodegradation products of Nor could not be afforded in the present work and it was well studied in previous publications. 4, 5) The proposed second derivative ratio spectrometric method has the advantage of high sensitivity and ability of determining Nor selectively in Nor-Tnd admixture at the zero crossing with its decarboxylated degradate. This advantage could not be afforded by the application of the reported first derivative of the ratio spectra method. 38) 1 mol/l sodium hydroxide, 30 ml methanol was then added followed by 2 ml acetonitrile. The final volume was completed with methanol to obtain a solution of 1 mg/ml Nor. Stock solution 2: 2 mg/ml Tnd (prepared as mentioned in stock solution 1 using 100 mg Tnd).
Stock solution 3: 1 mg/ml decarboxylated Nor (prepared as mentioned under stock solution 1 using 50 mg decarboxylated Nor).
Stock solution 4: 1 mg/ml and 1.5 mg/ml of Nor and Tnd respectively (prepared as under stock solution 1 using 50 mg and 75 mg of Nor and Tnd, respectively).
Preparation of Test Solution 20 Conaz ® tablets were accurately weighed and ground. A quantity of the thoroughly mixed powder equivalent to 50 mg Nor and 75 mg Tnd was transferred into a 50-ml volumetric flask, dissolved in 2 ml 1 mol/l sodium hydroxide, 30 ml methanol was added followed by 2 ml acetonitrile. The solution was sonicated for 30 min; the volume was completed with methanol and then filtered.
Procedures. LC Method Chromatographic Conditions: The mobile phase was flowing at constant rate of 1 ml/min for 20 min. A m-Bondapack C18 column (5 mm, 300 mmϫ3.9 mm) was used as stationary phase. Detection was carried out using a UV detector at 280 nm.
Construction of Calibration Curves for Nor and Tnd: Accurately measured aliquots equivalent to 0.2-2.25 mg Nor and 0.375-3.75 mg Tnd from stock solutions 1 and 2 respectively were transferred into two separate series of 10-ml volumetric flasks. The volume was completed with methanol. Twenty microliters of each solution was separately injected into the chromatograph. A calibration curve for each drug was obtained by plotting mean area under the peak (AUP) against drug concentration.
Assay Second Derivative Ratio Spectra Method Construction of Calibration Curve: Aliquots of stock solution 1 equivalent to 0.01-0.07 mg Nor were transferred into a series of 10-ml volumetric flasks. The volume was completed with methanol. Absorption spectra were recorded and divided by the spectrum of Tnd (10 mg/ml). The resulting ratio spectra were stored and their 2nd derivative was computed at Dlϭ4 nm intervals and the scaling factorϭ10. The Amplitude of the signal at 282 nm was measured. The calibration curve was obtained by plotting mean amplitude against drug concentration.
Determination of Nor in Laboratory Prepared Mixtures and in Conaz 
Results and Discussion
The structures of Nor, Tnd and different known degradation products of Nor are shown in Fig. 1 .
The minimum pharmacophore required for significant antibacterial activity of quinolones consists of the 4-pyridone ring with a 3-carboxylic group. 41) In other words, positions C-3, C-4 are the most structurally critical and substitution of other groups at these positions results in loss of activity. 42) For Nor, the antibacterial activity involves the breakdown of the double stranded DNA and hence cell death. This is achieved via strong binding of the drug to gyrase DNA complex in the presence of Mg 2ϩ , which acts as a bridge between the phosphate groups of DNA and the carbonyl and carboxylate moieties of Nor. 43) Moreover the piperazino group at the 7th position seems to achieve enhancing spectrum and in vivo activity. 41, 42) Degradation of Nor Nor is a photosensitive drug. 4, 5, 44) The drug decomposes upon prolonged exposure to light, yielding three identified products, the amino, ethylenediamine and formyl piperazine derivatives. 4, 44) These photodecomposition products are coherent to the piperazino group. On the other hand, Nor decomposes yielding 3-decarboxylated Nor on subjecting its neutral solution at 70°C to light and oxygen and also on prolonged heating of its solution in 2 mol/l HCl at 100°C. 4, 44) This decarboxylated degradant has a particular importance due to its coherency to the 4-pyridone-3-carboxylic moiety (minimum pharmacophore required for significant antibacterial activity of quinolones. 41, 42) Besides, the 3-decarboxylated Nor was identified as a precipitate in Nor injection 39) and as an impurity in Nor powder. 40) These reasons make the development of the proposed methods to be carried out in the presence of the 3-decarboxylated degradation product of Nor a great need. Method Development. LC Method The developed LC method has been applied for the simultaneous determination of Nor and Tnd in the presence of Nor decarboxylated degradant.
Various columns were tried such as hypersil BDS 5 mm (250ϫ4.6 mm), Spherisorb ODS 5 mm (250ϫ4.6 mm) and m-Bondapack C18, 5 mm (300ϫ4.6 mm). The later was used as it showed minimum elution time, with good resolution and it was employed for method validation.
Several mobile phases were tried to accomplish complete separation of Nor, Tnd and the decarboxylated Nor. On using the mobile phase phosphate buffer pH 3.2 : methanol (3 : 1, v/v) good resolution and peak symmetry were obtained. The retention times were 8.9, 5.5 and 3.6 for Nor, decarboxylated Nor and Tnd, respectively (Figs. 2a, 2b) The composition of the mobile phase was adjusted by varying the organic to aqueous ratio to give the best results. Meanwhile, increasing the proportion of methanol, results in incomplete separation of the three peaks. A further increase in the aqueous proportion results in prolonged retention times. The pH 3.2 was chosen such that higher retention of Nor was achieved since its pK a is 6.4 and hence better separation between the three components was obtained. The ion pairing approach was used in order to reduce the tailing and improve the resolution. Pentane sulfonic acid sodium salt at 0.005 M concentration was selected to serve this purpose. The system suitability tests were used to verify that the resolution and reproducibility of the chromatographic system are adequate for analysis.
45)
TLC-Densitometric Method Some commonly used stationary phases (such as kieselgel, silica gel and alumina) were tried. Silica gel provided the best compromise for fast rate of solvent migration, good resolution and regular spots.
Several mobile phases were tried to separate Nor, its decarboxylated degradate and Tnd from each other. Complete separation was carried out using the chosen mobile phase.
Rf for Norϭ0.3. Rf for Tndϭ0.8 and Rf for decaboxylated Norϭ0.54.
Second Derivative Ratio Spectra Method The zero order spectra of Nor, Tnd and Nor decarboxylated degradant showed severe overlap (Fig. 3) . Analysis of Nor in such mixture required the application of second derivative ratio spectrometry. It is necessary to test the influence of Dl, the scaling factor and the divisor standard concentration. Dlϭ4 and scaling factorϭ10 were selected as optimum values and best results were obtained on using Tnd standard (10 mg/ml) as divisor. Nor could be determined in the range 1-7 mg/ml by dividing the spectrum of Nor by that of Tnd (10 mg/ml) and the 2nd derivative of the ratio spectrum was recorded. Nor measurements were carried out at 282 nm where there is a zero crossing between the 2nd derivative of the ratio spectrum of Nor and the 2nd derivative of the ratio spectrum of Nor degradation product by Tnd (10 mg/ml) (Fig. 4) . The spectrometric method can determine only Nor, since Tnd spectrum shows no zero crossing with both Nor and Tnd spectra (at 370 nm Nor and its degradation product shows some degree of interference especially at high concentrations, and the results for the determination of Tnd were not repeatable).
Method Validation. Linearity The linearity of the responses of the two drugs was verified at 6 concentration lev- els ranging from 20-225 mg/ml, 0.8-4 mg/spot and 1-7 mg/ml for Nor by LC, TLC and 2 DD methods, respectively and ranging from 37.5-375 mg/ml and 4.8-20 mg/spot for Tnd by LC and TLC methods, respectively. The calibration curves were constructed by plotting either mean area under the peak (AUP) for the chromatographic methods or mean amplitude for 2 DD method against concentration (C ) of each drug. The regression equations (YϭbCϮa) and the RSD of slope and intercept are summarized in Table 1 . The linearity of calibration graphs and adherence to Beer's law were validated by the high value of coefficient of determination.
Accuracy and Precision Accuracy of the results was calculated by % recovery of pure samples of intact drug analyzed by the proposed methods ( Table 2 ). The percentage recoveries of Nor and Tnd in laboratory prepared mixtures of both were determined (Table 1) . One-way ANOVA was used to compare the results of the proposed and official methods, where it was concluded that there is no statistically significant difference between them. Inter-day and intra-day accuracy and precision of the proposed methods were also determined (Tables 3a, 3b ). The RSD of the assay results expressed as a percentage was used to evaluate the method precision.
Specificity Specificity is the ability of the analytical method to measure the analyte response in the presence of interferences (degradation products, related substances, excipients, etc.). Specificity was checked by adding the degradation product of Nor and the response of the analyte was determined by the proposed methods. In application of the proposed methods to pharmaceutical formulation no interference from the excipients appeared. Hence the proposed methods are capable of determining the drugs of interest selectively in their pharmaceutical formulation. Standard addition technique was also applied to assess accuracy of the proposed methods (Table 1) .
Stability Analyzing commercial samples kept at room temperature on laboratory bench or in the refrigerator for six months showed no degradation products (degradation prod- The divisor is 10 mg/ml Tnd. Batch 16929 was used for the determination of Nor (LC methods and 2 DD 282 ) and Tnd (LC method) while batch 16932 was used for the determination of Nor and Tnd by TLC-densitomteric method. S a and S b are the standard error of the slope and intercept, respectively. uct was found to be ϽLOQ). Only under stressed conditions (heating in the presence of acid) degradation product appeared. The results were found as same as in laboratory prepared mixtures (Table 1) . Robustness The robustness of a method is its ability to remain unaffected by small change in parameters. In LC method, variation of pH of the mobile phase by Ϯ0.1 did not have significant effect on the chromatographic resolution. In the proposed LC and TLC-densitometric methods, small changes in proportions of different components by Ϯ0.2% of the mobile phase did not affect the complete separation of the three components.
Limit of Detection and Limit of Quantification According to ICH recommendations 46) the approach based on SD of the response and the slope was used for determining the detection and quantitation limits (LOD and LOQ). The theoretical values were assessed practically and given in Table 2 .
Conclusion
Three stability-indicating methods are proposed for the determination of Nor as well as Tnd in binary mixture. The first method is LC and the second is TLC-densiotmetry. Both methods are selective, accurate and have the advantage of determining both drugs simultaneously and in presence of decarboxylated degradate of Nor. The third method is based on the use of derivative ratio zero crossing spectrophotometric technique which has the advantages of low cost, availability of equipments and sensitivity, but it can only determine Nor. The LC method is most reliable from the three methods and can determine both Nor and Tnd, while the spectrometric method is the most sensitive one. The results obtained by the proposed methods are statistically compared with those obtained by the official ones (non aqueous titrimetric methods for Nor 3) and Tnd 24) using one way ANOVA from which it is concluded that there is no significant difference between them. The suggested methods are successfully applied to the analysis of the cited drugs in laboratory prepared mixtures and in the pharmaceutical preparation. The validity of the proposed methods is further assessed by applying the standard addition technique.
